ILLUSTRATIONS
This report presents a practical means of predicting the probable magnitude of floods on streams in New York State. Because of the limited amount of data on small drainage basins this method is not applicable to sites where the drainage area is less than 10 square miles or to streams where flood peaks are affected materially by manmade regulation. Flood data based on records collected at gaging stations having 5 or more years of record not affected by unnatural regulation or diversion were used to define two types of curves. The first is a composite frequency curve. It expresses the relationship between the mean annual flood and floods of recurrence intervals ranging from 1.1 to 50 years. The second type defines the relation of the mean annual flood to the drainage area above the site. The result obtainable from the combination of the two curves is a flood-frequency curve for any site in the State, gaged or ungaged, within the range of drainage area and recurrence interval defined by the base data.
INTRODUCTION
In the design of dams, highways, bridges, or any other structures over or adjacent to a stream, consideration should be given to the probability of flood damage. The magnitude and frequency of floods at the site of the proposed structure become major factors in the design or in the flood protection that must be afforded. The method explained in this report will enable the designer to determine the probable magnitude and frequency of floods at most sites on streams in New York State.
Peak discharges at gaging stations used in the analysis are not listed in this report. Annual peaks can be found in the annual series of water-supply papers for Parts 1-B, 3-A, and 4 of. the U. S. Geological Survey and in the 1960 publication of the Albany District of the Surface Water Branch of the U. S. Geological Survey titled "Maximum Known Discharges of New York Streams". This report was prepared in the Albany Office of the U. S. Geological Survey under the direction of D. F. Dougherty, district engineer, Surface Water Branch, in cooperation with New York State Department of Public Works. Valuable assistance was given-the author by K. I. Darmer, G. R. Ayer, and F. H. Ruggles of the Albany Office, and A. Rice Green of the Floods Section in Washington.
The streamflow records used were collected by the U. S. Geological Survey, the Corps of Engineers, and many other agencies who are given credit in the annual series of water-supply papers published by the U. S. Geological Survey.
DATA USED
Streamflow records for periods ranging from 5 to 46 years in length from 128 gaging stations, not materially affected by regulation or diversion, were used in this analysis, together with a limited amount of historical information. The records for Long Island could not be used because of rapidly changing and practically indeterminate drainage areas. Names of stations used are listed in table 1 and their locations are indicated on figure 1. The computed curves for the Delaware River basin shown in the open-file report "Delaware River Basin Flood Frequency" (Tice, 1958) were used for the streams in that basin in New York State. In addition, the completed reports of other neighboring States were examined to be sure that the New York curves were reasonably consistent with the curves for overlapping or contiguous basins.
TYPES OF FLOOD SERIES
Flood data for a gaging station may be analyzed in two ways: as an annual flood series or as a partial-duration series. The latter series is often termed "floods above a base". In the annual flood series the recurrence interval is the average interval of time within which a flood equal to or greater than a given magnitude will occur once as the maximum flood in the water year (October 1 to September 30). In the partial-duration series the recurrence interval is the average interval of time between floods of a given magnitude regardless of their relation to the year or any bfher period of time. For floods having recurrence intervals of 10 years or more both series give essentially the same results.
The following table by Langbein (1949) The annual flood series has been used in this study because of its relative simplicity.
COMPUTATION OF FLOOD-FREQUENCY CURVES
A detailed step-by-step explanation of the method for computing individual station frequency curves is not included in this report. This information is available in flood-frequency reports previously published, some of which are listed in the bibliography.
Significant features of the method used by the Geological Survey for computing flood frequency are:
(1) Only the maximum momentary peak discharge for each water year (October 1 to September 30) is used. (2) Recurrence intervals are computed by the formula T=(n+l)/m, where T is in years, n is number of years of record, and m is the order number of each flood, the greatest Being numbered 1.
(3) Curves are fitted graphically.
(4) The mean annual flood is defined as the flood having a recurrence interval of 2. 33 years.
Recurrence interval is the average interval of time within which a flood of given magnitude will be equaled or exceeded once. Thus, a 25-year flood will be equaled or exceeded on the average once in 25 years. Frequency of occurrence may also be expressed in terms of probability. For example, a 25-year flood can be considered as one that has a 4 percent chance of occurring in any one year.
Regional Flood-Frequency Curves
By combining the frequency curves for individual stations within a homogeneous region in the State, it was found that four different regional flood-frequency curves were applicable, in addition to those already computed by Tice (1958) for the Delaware River basin. The curves and regions in which each is applicable have been designated as A, B, C, D, E, F, and G ( fig. 2) . The curves represent the discharge as a ratio to the mean annual flood ( fig. 3 ).
Region A. --Comprises most of the State, except the southeastern portion. From figure 1, it is evident that there are areas where records of sufficient length are not available. One such area borders on the southern and eastern shores of Lake Ontario. Since the topography and other characteristics of that area are similar to those in much of region A, curve A is used for the streams in that area. Two base periods, 1913-58 and 1939-58, were used in defining this region, and the frequency curve for the short period was adjusted to that for the long period.
Region B. --Includes the area west of the Hudson River, south of the Catskill Mountains and from the northern edge of the Catskills north to the foothills of the Adirondack mountains. On the east the northern portion of this region extends to the foothills of the Berkshire and Green mountains and north to the Poultney River and the Vermont State line. The southern part of this region consists principally of the Wallkill River basin. In this basin the storage effect of extensive flood plains reduces the mean annual floods, and the hurricanes and coastal storms cause a sharp rise at points on the curve above the 10-year frequency. The northern part lies in an area with moderate precipitation. It is also affected by hurricane and coastal storm activity but to a slightly lesser degree than in the regions farther south. The base periods used for this region are 1928-58 and 1939-58 , and the frequency curve for the short period was adjusted to that for the long period.
Region C. --Consists of the area east of the Hudson Kiver from about the Rensselaer-Columbia County line south to New York City. It also includes a small section west of the Hudson River, adjacent to New Jersey, drained by the Ramapo River. Snowfall is light so the mean annual floods are rather smatl. Hurricanes and coastal storms often bring heavy rains causing floods which have high ratios to the mean annual floods. This^accounts for the sharp rise in the frequency curve ab'ove a 10-year recurrence interval. The base periods and adjustment used for this region are the same as for region B.
Region D. --Includes the streams west of the Hudson River, draining the northern and eastern slopes of the Catskill Mountains. Snowfall is heavy resulting in large mean annual floods. Hurricanes and coastal storms are responsible for many of the floods in this region. Also contributing to the flood magnitude is the orographic effect of the Catskill Mountain peaks, which causes the rainfall to be heavier on the eastern than on the western slopes. Curve D is also applicable to the Deer River and other streams draining the Tug Hill plateau, east of Lake Ontario. The periods and adjustment used for this region are the same as for regions B and C.
Region E. --The curve for region E applies only to the main stem of the Never sink River.
Region F. --The curve for region F applies to all the streams in the Delaware River basin in New York State, except the main stems of the Neversink and Delaware Rivers.
Region G. --The curve for region G applies to the main stem of the Delaware River.
Hydrologic Area Curves
The mean annual flood is influenced by many factors. Some of these are drainage area; shape of the basin and its alignment with the prevailing direction of storm travel; land and stream slopes; elevation; geology of the basin; flood water storage in stream channels, swamps and lakes; type of vegetal cover; and land use. On the basis of data presently available, this study indicated that drainage area is the only significant factor, therefore it is used to define the hydrologic area curves. By plotting the mean annual flood for all the stations used in the report against the respective drainage area, 10 hydrologic areas were defined. Curves numbered 1-11 ( fig. 4) apply to areas as numbered on figure 5, except for the main stem of the Delaware River for which curve 11 applies.
An attempt was made to evaluate the effect of lakes and swamps on peak discharges, but on the basis of present records no significant effect could be defined. The damping effect of storage is no doubt reflected in the relatively low discharges from curve 7 of mean annual flood versus drainage area. Most of the unregulated Adirondack streams, although affected by considerable spring snowmelt, do not produce high mean annual floods, probably due to the effect of storage in lakes and swamps.
Slope of the stream was also investigated as a flood factor but considerably more data than now available would be necessary in order to define the effect. Where records have been obtained at a station in mountainous terrain and also at a station in the flat land of the same stream, the mean annual flood at the former station has a much higher ratio to drainage area than that at the latter. THE DESIGN FLOOD Before using the method described for determining the magnitude of the design flood it is necessary to decide on a recurrence interval. If the type of structure or its location are such that flooding would cause loss of life or great financial loss, then the design may be for a flood which will probably never be exceeded. However, for most structures the design will probably be for floods with a recurrence interval selected on the basis of economics. It is likely that most design floods will fall within the frequency range presented in this report. 
Determination of Design Flood
Once the recurrence interval of the design flood is selected, its magnitude may be determined by the following procedure:
1. Determine drainage area in square miles above the selected site.
2. From figure 5 determine the hydrologic area in which the site is located.
3. Determine the mean annual flood for the site from the appropriate curve in figure 4. 4. From figure 2 identify the flood-frequency region in which the site is located.
5. Determine ratio to mean annual flood for the selected recurrence interval from appropriate curve in figure 3.
6. Multiply the ratio to mean annual flood (step 5) by the mean annual flood (step 3) to obtain the design-flood magnitude.
A complete flood-frequency curve for a specific site in New York State may be obtained by repeating steps 5 and 6 for various recurrence intervals. The frequency curve obtained by this method is generally a better indication of the frequency of future floods at a site than a curve from streamflow records at the site alone. 
CONCLUSIONS
The accuracy of the information obtained from this report is a function of the data available. The curves presented are based on all known data existing through the 1958 water year. The frequency curves (recurrence interval-ratio to mean annual flood) cannot be extrapolated with confidence beyond 50 years. Neither should the drainage area-mean annual flood curves be extended in either direction beyond the limits shown. Lack of information on drainage areas of less than 10 square miles limits the accuracy of the lower ends of the mean annual flood curves.
On Long Island the physiography is being changed so rapidly by construction of new housing, and commercial and industrial developments, that it is practically impossible to compute even reasonably accurate drainage areas. Therefore, the curves here presented should not be used for Long Island streams. Also, extensive regulation prohibits the use of any of these curves on the Mohawk River below Delta Dam and on the Hudson River below Hadley.
Since this study was designed to produce a reasonable answer to frequency of floods in terms of the average occurrence of such events, it obviously cannot be used to predict the date of occurrence of any specific future flood. On the basis o£ present knowledge regarding the causes of floods, there seems to be no reason why several major floods could not occur in any given area within a single year or a short period of years. Conversely, many years may elapse without any major floods. 
